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Nuclear moments are nuclear observables which are genuinely independent of models for nuclear 
structure and yet sensitively dependent on the way of occupation of valence orbits by nucleons. 
Thus, they carry key information on the nuclear structure. Precise measurement of the nuclear 
moment for a wide variety of nuclei requires slow or stopped radioactive isotopes (SSRI) with their 
spins polarized. In the present study, therefore, the following four subjects are pursued: 
 A model experiment where some nucleus in the region far from stability is produced, spin-
polarized and subjected to a nuclear moment measurement aiming at the nuclear structure 
study: a study of change of nuclear structure in the island of inversion. The ground-state 
electric quadrupole moment of 33Al is measured by -NMR spectroscopy, using projectile-
fragmentation reaction as a means to polarize the 33Al spin. 
 The method for production of SSRI: a study to improve technique of the ion-guide isotope 
separator on-line (IGISOL) is made. 
 New method for measuring magnetic moment of the unstable nuclei: the atomic beam 
resonance method for SSRI is studied. 
 A method to produce spin polarization using low-energy nucleon-transfer reaction: a low-
energy spin-polarized 17N via the inverse-kinematic reaction is discussed. 
 
■Erosion of N =20 shell in 
33
Al investigated through the ground-state electric quadrupole 
moment Electric quadrupole moment Q of the 33Al ground state has been measured by means of -
NMR spectroscopy using a spin-polarized 33Al beam produced in a projectile fragmentation 
reaction. The obtained Q moment, |Qexp(33Al)|=132(16) emb, shows a significant excess from the 
prediction of shell model calculations within the sd shell. The result indicates sizable admixing of 
pf intruder configurations in the ground state, demonstrating that the N =20 shell closure 
certainly erodes in 33Al, a nucleus located on the border of the island of inversion. Comparison was 
made with predictions of the Monte Carlo shell model, and also a particle-vibration coupling model 
treating the neutron pairing correlations in the ground state of 33Al. Again, a significant admixture 
of pf intruder configurations to the 33Al ground state was needed in the both theoretical 
approaches to explain the observed large Q. 
 
■Development of ion-guide isotope separator on-line The Ion-Guide Isotope Separator On-
Line (IGISOL) has been developed. It is a kind of ISOL specialized for unstable nuclei having short 
half-lives (≤ 0.5 s) and high melting temperatures (≥ 1000 K). Using the IGISOL and a 
conventional fast-slow coincidence method with a high-purity germanium detector and a BaF2 
detector, a half-life of an 163.82-keV excited state in 105Ru was measured to be 18.0(5) ns. Its error 
was reduced to one sixth of the previous one. Additionally, in order to improve a mass resolving 
power (MRP) and yields of unstable nuclei, a sextupole ion-guide (SPIG) has been installed after 
the exit hole of the gas cell. The SPIG improves the vacuum around the acceleration stage of the 
separator, focuses the extracted ions scattered by collisions with residual molecules, and then 
reduces the energy spread of the extracted ions. Consequently, MRP in fwhm improved from 100 to 
at least 260. 
 
■Development of atomic beam method for unstable nuclei Atomic Beam Resonance method for 
Radioactive Isotope (RIABR), we have been developing, is extended application of the Rabi 
resonance method to the unstable nuclei. Here we report development of the RIABR device 
consisting of an atomic beam source including a stopping cell and a neutralizer, a sextupole 
magnet, the NMR section including a RF cavity and a dipole magnet, a quadrupole magnet, and a 
RI detection device. Especially, development process of the atomic beam source of the thermalized 






N New scheme of producing spin-polarized RI 17N via the inverse-
kinematics reaction has been developed for application of the spin-polarized RI beam to condensed 
matter physics including impurity and electronic dynamics in semiconductors. The 17N beam was 
produced by bombarding a thin Be target with 18O having energy beam of 7.0 AMeV and intensity 
of 240 pnA. Next, the spin polarization was measured with -NMR by selecting it emission angle 
and momentum using the CRIB. A result obtained absolute polarization equal to 0.4 %, which 
looks like rather small. The calculation according to the Brink’s matching condition shows the 
possibility to rise |P| as the energy of the primary beam increases. 
 
As described above, the nuclear moment is one of the most fundamental physical quantities 
revealing the nuclear structure. The production method of the SSRI leads to technique of the most 
precise measurement using the stopped unstable nuclei. Thus, it is important development as well 
as the experiment with the in-flight method vigorously developed in recent years. The precise 
measurement of the nuclear structure with the SSRI is one of the best experimental candidate 
bringing out the microscopic collective system of the many-body system of the nucleons. 
 
 

















































































































































































  第 2 章では、前掲の第 1 の研究手法に基づき、中性子過剰 N=20 核 33Al にこれを適用、世界で初めてそ
の電気四重極モーメント Q の測定に成功したことを報告している。得られた結果により、中性子が sd 軌道に下
から順に配置される従来の殻模型計算より優位に大きな値を示し、この核がその近傍に見出されている構造異
常領域 "配位逆転の島" に向かって N=20閉殻性を失っていく途上にあることを明らかにした。 
 
  続く第 3・4・5 章では、第１章で述べた様々な領域の不安定核の核モーメントを測定するための不安定核ビ
ーム生成・偏極技術の開発に関して述べている。第３章では、核反応生成核を気体中に止めて静電場、高周波
電場及びガス流によって収集・質量分離する高周波イオンガイド型オンライン同位体質量分離法を取り上げ、そ
の高効率化を行なった。第４章では前章の装置にスピン解析・偏極の機能を付加するための方法として、原子
線共鳴装置の開発を行った結果を報告している。第 5 章は、偏極不安定核ビームを得るもう一つの方法として、
低エネルギー核子移行反応の逆運動学に着目し、その装置開発を記述している。 
 
  以上を要するに、本論文は新しく拓かれつつある不安定領域の原子核を対象として、核構造解明のための
核モーメント測定とそれを実現する不安定核ビーム生成・偏極法について議論しており、原子核物理研究の進
展に貢献するとともに、著者が自立して研究活動を行うに必要な高度の研究能力と学識を有することを示すもの
である。したがって島田健司氏提出の博士論文は博士（理学）の学位論文として合格と認める。 
 
 
